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JIMMARY

OnApil 29, 1986 the Nationd Ingtitute for Oooupetiond Sefety and Hedlth (NIOSH) recaived arequest for a
Hedth Hazard Evdugtion & EMCO High Vatage Company, Sutter Cresk, Cdlifamia Thereguestor wes
conoamad thet heand anather worker may beexposad to severd chamicd subgiances duning thefebrication of
ponver Sy modules: Reported symptomsinduded lightheededhess and dhest pein ance ar twiceawesk while
waking inthe pattingroom

Onduy 30-31, 1986 aninitid environmenta survey was conducted, and on Auguet 18-19, 1986 afdlow-up survey
wasoconduded. Four evironmeantd ar sampleswere adllected during the coating and devd gping oparaion to
evdugtear conoantrations of chlorabazene, xylenes and cydohexanone: Chlordberzene concantrationsranged
from nonedetected to 1.5 pom, and xylene conoantraionsranged fran 35to 7.5 ppm. Bath of thesedhamicd ar
conoatraiorswerewdl bdow theevdugtion aitaia No cydohexanonewes ddedted. Also, four ar ssmpleswere
odlledted during the same process and andlyzed for 2-methoxyethend and 2-ethoxyethend, but nether of these
chamicdswasdetected.

Four evironmenid ar sampleswere aollected during the gpoxy patting oparation to evaugte ar concantrations of
butyl gyadyl eher(BGE) and gachlorohydiing BGE ar concantrations ranged fram none detected to 099 pom
whichisbdow theevdugtion aiteaig, and no gaidiarahydrin was deedted,

Informdl intervienvswere condudted with severd workers Employesswarking inthe generd wark areargported no
hedth complaintsather then pariodic complanis about adhemica odor during pend coeting and devdgping. Ore
worker reparted intemittent noseand throet imitation during pat saldering,

Based onevironmantd ar sampling resLits odllected during the aoeting and devel gping oparation, no overexposLres
to dilordbezene o xylenesweare messred, and no cydohexanone, 2-methoxyethend and 2-ethaxyethend were
Odected. No overexpoauresto butyl gyddyl eher wasmessured, and goichiorohydinwasnot detected. A potentid

expoareto thefluxing egant usad during the pat soldaring gparation mey exis besed on dosavationssand anintaview
withthegperatar. Recommandationsareinduded insedion V11 of thisrgpart to prevent unnecessary dhamica
expoaures

KEYWORDS SC 36/ (Hedranic Caomponarts Nat Hsewhere Classified)), menufaciuning high valtage power
pdly modules menufediuring printed arauit boerds gpaxy patting, salder dipping operaion.


adz1
Based on environmental air sampling results collected during the coating and developing operation, no overexposures
to chlorobenzene or xylenes were measured, and no cyclohexanone, 2-methoxyethanol and 2-ethoxyethanol were
detected. No overexposures to butyl glycidyl ether was measured, and epichlorohydrin was not detected. A potential
exposure to the fluxing agent used during the pot soldering operation may exist based on observations and an interview
with the operator. Recommendations are included in section VIII of this report to prevent unnecessary chemical
exposures.

http://www.cdc.gov/niosh/hhe
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INTRODUCTION

OnApil 29, 1986 thethe Nationd Indtitutefor Oooupetiond Sefety and Hedlth (NIOSH) recaved arequet for a
hedth hezard evdugtion from an empoyeewarking & EMCO High Vatage Campery, Sutter Gresk, Cdifomia
Theamployeswas conoanad thet heand one ather employeewho wark in the patting room may beexposad to
svad dnamicdsaduing thefdlomng processes copper pend aoeting and devdloping, etching, solder dipaing, and
gpaxy pating. Therequestor reparted lightheededhess and dhet pein once or twiceawesk whilewarking inthe
fpotting room

Onduly 30-31, 1986 aninitid evironmentd aurvey wes conducted & EMCO High Vdtegeand on August 18-19,
1986 afdllow-up survey was conducted.

BACKGROUND

BEMCO High Vdiage Compery isameanufadurer of pover Sypdly modues: Thecompeny hesbeanin exdidencefar
about 11.5years and it hesbeaninthisfaality for bout two years: Thirteen employesscuratly work far the
compary. Employessganardly work 8 hoursaday, five daysawesk from 7:00amto 330 pm. Employessarenat
required to tekeany preampoymant physcd, and emergency medicd savicssareavaladlea anearby hogaitd.

Svad processeswere dosarved duning the manufediuning of high valtape power modules: Theprocessssusad to
mekethedffarent moduiesdo nat differ, but theworkl ced varies dgpending on the number of purdheseardas
recaved. Nonedf the processes destribed bdow aperaeeight haursaday fivedaysawesk. Thefaaication
oparator dradaesfrom onetask to anather duing thework day. Infadt, severd daysmay pesswhaerean
oparaion, eg. gpoxy patting, isnat conducted et dl.

Four processeswere obsarvert coeting and developing copper pandls etching copper pendls epaxy patting and
lder dpping. All of these processes arell ocated in the patting room (19 X 8) which hesagenerd room exhaud fan,
Anatempt was medeto mesaLretheexhaud v oaty of thefan, but thiswesnat possblesnoetherewas no exnalgt
duct to cdaulaethesufaceaea

The pard ooating and devdoping processisdonein awoodmdd cahingl. Thecabingt, whichison cegas isussd
augdeduing thewama monthsand indoarsduring thecode months: Thecahingt hestiveesrdl edaug fans
whichremovethe KODAK Phato Res<T (KPR), Type 3 and KPR devd opar vgparswhile coding and drying
and devdgpngthepands Thecabing fansexhaud thear through acommon dudt totheautsdear.
Hbagasspands(9' X 12") are pre-coeted with acopper layer ononeor two sdes Theseoopper pendssarveto
mekeprinted drout boerdsfor the power modular units

1. Goetingand Devdaang Copper coated pandsare coeted with KPR usng alithoped. No morethen x pends
can becodted a onetimedueto thesze of thedrying cabingt whichisventilated outdoors It tekesabout 4105
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minutesto ooet X pendsand about 20to 0 minutestodry. Oncedry, anegetiveistapad tothepend and plaoadin
anutravide light eqpoaureboothfor 35 minutes Aftawards the neggtiveisremoved and the pard isplaced inioa
saies(3) of Kadsk Photo Resist Deve oper (KPRD) bethsfor 3minuteseech, dter whichthepend isar diedinthe
deveoper boath, for 30 minutes whichisaso ventilated autdoors: It should benoted thet the deve oper ischenged
aboutevay 2to3wesks Praedivegoveswearenat wom by thegperatar & thetime of theinitid survey.

2. Bding Sodum peraifaeisusad to eich the copper pends  Theetdiing solution conddsaf dght gellonsof
sodum peradfatediuedin4 galons of ddonized weter. Thegpearatar tumson thebench top elcher to preheet the
sodium paraufate solution (ebout 80-85° F). Whentheetcher tark isreedly, the developad copper pend isplaosd
inddetheechtark, thelidisdosed and thegrayer istumed on. Theeidhing processcantekefrom 5to 15 minutes
Ogpading ontheaged theeiching sdlution, dirtinessof the KPRD, ec. Onceeichingiscompleied, thepend is
removed, rinsed inwater, desned, andingpected. Thepend isautino theindividldl cards dhilled and Szed to
goadfications and ussd ontheassamidy line: No pratedive eguipment weswom by thegparator whileinsating or
ramoving thependsfrom thediching tank.

3. Epxy Ratiing Oncethe power module units have bean assambdled and ingpedted, they arebattom patted. A
two part resin (Epong Resin 815 and Vasamidg 140) ispoured into acup, inequd parts and mixed together. A
bladk dyeisthen added to theresin and mixed ebout 3to4 minutes: Theresinispoured into anduminumfail tray and
dightly warmed to meketheresinlessvisoous ot can beegslly poured into theunits: Theunitsare battom patted, i.e
about 0 paroat of theresnispoured into the unitsfter which the goaxy isdried ovamight and the unitsare tested.
After testing theeouipment, the unitsare top potted with thegpaxy resin. No pratedtive ecipment waswom by the
opardoar during thisoperaion.

4. SAda Dipping Thesdder dpping tebleispostioned infront of thegenerd roomextagt fan. A lageand el
older pat containing a60%6-40%0 leed tin Solder ishegted to about S00°F. Thecardsaredipped into aflux (3%
hydrochlaric aad) and then dipped into the sdldaring pat. Thegpardar wears ety glassssand alab coat
whenever pafaming thisoparation.

OnMay 19, 1986 aCdifomiaOooupetiond SHfety and Hedlth Adminigration (CAL-OSHA) investigetor
condudted afdlon-up investigetion & BEMICO High Vdtegeduingwhich imean areadr leed ssmplewes
odledted whilethesdlder dip patswerebeing hested. No arrbomelesd wasmesaured, i.e the conoantraion wes
below theardlyticd limit of detedtion 16 micograms'sample

DESGN AND METHODS

Svad wakasweeinformdly inevieved to deamireif thereweareay hedth complantsregarding any of the
processes evel ueted.

1 BErvironmentd ar ssmpleswere adllecdted onadharood tube during the aoeting and developing process: Thetuoe
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wasandyzed far dilordbazeng cydohexanong and xylenes The A and B sedtionsof thecheraod tubewere
sgparated and andlyzed by gas drometogrgphy (G-C) anoarding to NIOSH Methods 1500 and 1501 with
modfications Thelimit of deedionwas 001 milligramysamplefar dlarabenzeneand xylenes and 002
milligam/sapefor cydohexanone(1) Also, evironmantd ar ssmplesware cdlledted on drerood tubesand
andyzad for 2-methoxyethend and 2-ethoxyethend. The A and B sadtionsof the dharood tubewere ssparated and
andyzed by G-C aooording to NIOSH Method 1403 with modifications: Thelimit of detedionwas 001

milligam'sndefar dl adytes

2. BEnvironmentd ar sampleswere odlledtad duning the goaxy patting gperation on dhercod tubes: Thetubewes
andyzed for buyl gyddyl éhe(BGE) and guidhiarohydiin. TheA and B ssdionsof thedheraod tubewere
sgparated and andlyzed by G-C according to NIOSH Method 1010 and S81 with modifications: Thearelyticd
limit of detedionwes 001 milligram/samplefor bath andlytes

V. EVALUATION CRITERIA

A. Enviromatd

Asaguidetotheevdugtion of the hezards posed by workplace expoares NIOSH fidd 9&f enploy
evironmatd evdugtion aitaiafor asssssmat of anumber of dhemicd and physcd egats Theeaitaiaae
intended to suggest levd s of expoaureto which most workers may beexposad up to 10 hoursper day, 40 hoursper
week far awarking lifeimewithout expaiendng advarse hedth efedts Itis hovever, impartant to notethet nat @l
warkerswill be pratected fram adverse hedlth dfedsif ther exposresaremantained bdow theelevds A ardl
peroantage mey expaience advarse hedth efedshbacause of individud susogatibillity, apre-exiding medicd condition,
andlor ahypasanstivity (dlegy).

In addtion, some hezardous SUbdances may adt in combingtion with ather workpleoe expoaures theganerd
evironmat, or with medications or persond hehits of theworker to produce hedlth effeds evenif the cooupetionel
eqpoaresaeconrdled & thelevd s by theevdugion aitaion. Thesecombined efedtsareoften not condderad in
theevduationaiteia Also, somesUbdancesare absorbed by direct contact with the skin and mucous mambranes
and thuspatentidly increesetheovardl expoaure FHrely, evdugtion aitaiamay drangeove theyearsasnew
infometion onthetaxic effedsof an agant becomeavaladle

Thepimary sourcesdf evironmanid evdution aitaiafor thewarkplaceare 1) NIOSH GritaiaDocumantsand
recommeancitions 2) the Amaican Conferanced Govanmantd Indugrid Hygiengs (ACGIH) Threshdd Limit
Vdues(TLV'9), and 3) the U.S Department of Labor (OSHA) oocupdtiond hedth dandards: Often, the NIOSH
recommendaionsand ACGIH TLV'saelower then the coresponding OSHA dandards Bath NIOSH
recommendationrsand ACGIH TLV'suaLely arebesad on marerecant infarmetion then arethe OSHA dandards
The OSHA dandardsaso may berequired to tekeinto acoount thefeesihllity of contralling exposuresinvaious
indereswherethe agantsare usedt the NIOSH-recommended exposLrellimits; by contragt, arebesed primaily on
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conoarsrdaing tothe prevention of cooupetiond diseese Inevauating theexposurelevdsand the
recommeancetionsfor redudng theselevdsfound inthisrepart, it should benoted thet induatry islegelly repuired to

mext thoselevdsgpadfied by an OFHA dandard.

A imewdghted average (TWA) exposurerdasto theavarage arbome conoantration of asubdanceduinga
nomd 8- to 10-hour workday. Some sUidianoes have recommended hart-term expoaurelimits or calling vaues
which areintended to upplemant the TWA whearethare are renognizad toxic dfedisfrom high short-tem exposures

Sdanosswith thar evironmeantd aitaiafor thisevdugion aeshonn bdow.

TABLEA
Recommandsd BxpoaureLimit
8Hour TimeWeghed

SUBSTANCE ExposreBasspom (1)
Buyl Gyddyl Bhe(BGE) 44

25
Badlaahydin 05

2
Chlodbazae 16
Cydarexanore 25
Xylere 100
2-Ethaxy Bhend 5

50
2-Methaxy Ethend 5

50

1 pomPatsaf avapar ar gespar million partsaf contamineted ar by vaume

B. Toxiadagy

Source

NIOSH
CAL-OSHA,ACGIH

NIOSH
CAL-OHA,ACGIH

CAL-OHA,ACGIH
CAL-OHA,ACGIH
NIOSH, CAL-OSHA, ACGIH

ACGIH
CAL-OSHA

ACGIH
CAL-OSHA

1. Sdvais xyleng dilordbanzeng cydohexanong 2-ethaxyethend, and 2-methaxyethend aresdvants They ae
primeily abosorbed by inhdaion or through theskininwarkplaceexpoares: Excessiveexpoaureto soivartsmay reuit
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VL.

inneurdogic dfedtsand dematdagic dfedts induding eyeand upper resaretary tract initetion, degpiness faligue
hesdeche memory diduroence, difficulty in conoantrating, neuses, vamiting, abdomind aramps lossof gopdite waght
loss flushed skin, skin defatting and initetion, and fdlliaulitis (nflanmetion of heir fdlides). Theintaxicating effedsof
daoohd arefrequently incresssd when daohal isconsumed diter exposureto salvents(2,34,5)

BExtrameexpoaresmay resuit intremar, lassof coordingtion, mentd confusion, lossaf consaousness comaad
Oeeth. Inaddition, excessvear prdonged expoaureto somedf these solvanismey reLit in dronic o ddayed-onset
effedsinduding visud didurbences lossdf thesansedf sl impaired coordingtion and sansedf touch, decressed
naveoondudion vdoaty, nerdberaviard changes and kidney and liver damege

2. Buyl Gyddyl Bhas Thisisacdalessliquidwhichisusad ssreedivediuat inepoxy resns BGE causssoatrd
navoussydem dgressonandisaskinand eyeimitantinanimels it isexpeded thet ssvareexposrewill produce
dmiliar efedsinhumans No dranic skin efectshave bean reparted inhumans(3) However, sandtization damnditis
may ooour with repested kin contact.(3,6)

3. Epdiadwdin Thissavetisusadinthemenufaduredt goaxy resns: Locdly, eqpoaureto gachiordhydinresuits
inimtaiontotheeye regaraory trat, skin, and sydemic taxiaty from absorption of theliquid through theskin(8)
Canoasinmiceweare caussd, unde cartain conditions; by skin goplication and Suboutaneousinedion(9) Mutegenic
efedswearedosavadinmiadhid systemsand thefrut fly exposad to gaicdiorohydin(7)

RESUL TSAND DISCUSSON

OnAugud 18and 19, 1986 NIOSH conducted environmentd ar monitaring of two gperationsto detamine
whether enployessarebaing overexposad toay chamicds Al dhemicd exposresare compared to the NIOSH
evdudion aitaiaar the CAL-OSHA dandard liged in Teble A, pege6. Sncethework loed varies an atempt wes
medeto dnarataizeawors ceseworkioed for the purpose of thisstudy.

Attheconduson o theinitid Survey, adosng conference was hdd with thecompeany ovnas TheNIOSH
investigator recommendisd thet Speaific parsond pratedive epuipment (ssesadion VIIT beusad duing cartan
gpadios Als, theinvestigetor indicated thet theremeay bealong tem patentid firehezard from the alveanisinthe
KPR and KPRD which may beabsorbad by thewooden cebingt. Giventhe patentid firerisk, the owvnersdedided,
ssuat totheinitid Srvey to movethe oparaion ausdewheareit wespreviody done: Additiondly, theowners
Oedded to phese out the coeting and deve oping process by theend of September becausethisprocesswiastoo dow
tokegp yowith thewarklced. Thecompany will purdnesethe printed arauit boardsfrom anather menufadiure, anda
Sk soreaning prooesswill be used to meke pratatype boerds anly. The NIOSH invedigetor was uneware of these
dnangesuntil thefdloa~up arvey wasto becondudted. Thus the KPR and KPRD oparaion wesnat Surveyed asit
eidad duing theinitid Survey, but it wasmornitored outdoors

Four evironmenid ar sampleswere aollected outdoors during the aoeting and devel oping of 11 cardsto evdugtear
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conograionsof chlorabenzene xylenes and cydahexanone (Tablel). Chlorabenzene conoanirationsranged from
none detected to 1.5 ppm, Xylene concentrationsranged from 35 to 7.5 ppm, and no cyddhexanonewas oetected.
Bath of thedhemicd ar conoantraions messred werewel below theevdugtion aitaaligedin Tadle A. Inaddtion,
faour ar smpleswere adllected during the same process and andlyzed far 2-methoxyethend and 2-ethaxyethand, bout
nather of thesechemicd weareddtedted. It should benated thet theambient air temperaturewas meeaLred to be about
97°Fwith no breszewhichisconsdaraly wammer then thetempearatureingdethe patting room

Four evironmantd arr ssmplesweare adllected during the gpaxy potting gperation to evdugte ar conoatraionsof
butyl gyadyl ether and gaichiorohydiin. A tatd of 48 aupswere patted & onetimewhichwes desribed tobea
heavy work loed. BGE ar concantrationsranged from none detected to 099 ppmwhichisbdow theevaugtion
aitaiag, and no gaidhiorohydrin was detected.

Noar samplesweare adllected during theeiching gperation because the bench top etcher isendosed, and thesdlutionis
only dightly hested whichwould nat gveriseto the produdion of vgparshbesad onthe oparaion dosaved. The
worker dd nat use pratedive goveswhen removing the pandsfrom the bench top eldhe.

Noar sampleswereodllected during the solder dipping operation becauseno arbame lesd was mesaLred duning the
CAL-OSHA invedtigeion. During the NIOSH fdllow-up dudy, the solder dipping aperation was dosarved for thefirg
time, and it gopeared thet there may beapatentid exqoaLreto thefluxing fumesasthe pat isbaing dippedintothe
sildaing pat. Theganad room exhaud fanwhichispositioned within two fet of the patsdoesinat gopeer to cdllet &l
theflux fumes Thegpearatar wes dosarved lowing thefumesaway fram hisfaeso nat toinhdletheimitaing fumes

On Sgptember 15, 1986 afdlon-up tdgphone cal was medeto the CAL-OSHA ingpedior to discussthe solder
dpping gparaion. It wesleamed thet theleed aeaar samplewas cdllected to deteminewhether the hested
oldaing pat rdesssd any leed fumes: No soldaing wasdoneduring the day of theingpedtion, thustheingpector did
nat havethegppartunity to dosarve sl der dipping of fluxed parts

Based oniniavievswith thefelrication gparatar, it gopearsthet hemey haveintemmittent exqpoauresto fluxing fumesif
hedandsdosetothesdldaing pat. Thegenad room exhaudt fan doesnat immediady ednaud dl theflux fumesavay
fromthegparaar'shregthing zone Itisunlikely thet any leed fumeswould be genarated during sdlder dipping Sncethe
tamperaured thesdldaing patiskgat a 500°F, and leed fume produdion isuaLely insUffident a tamperaturesbdov
1000°F(10) Inevienswith severd of theampoyesswhowark ingdethe patting room andinthegenerd work area
reveded thet therewere no spedific hedth complainis ather then pariodic complants ebout the KPR adors: The
febrication aperator noted thet the KPR could ill besmdled on hisfingersdter weehing,

VII. CONCLUSONS

Basd onthreemironmantd ar sarpling resuts adllected duning thisinvestigation, no ovarexpoauresto dnamicdswere
meesured duning the devel oping and aoeting and epaxy patting operaion. Airbome expoauresto the sodium paraLifae
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during theeiching oparation are unlikey to coour besad onthe gperation dosarved. A patentid expoaureto fluxing
fumesmay ooour during the pat saldaring gperation. The oparator'spariadic complantsof throet and noseimitation
indicatesthet theganard room exhadt fanisnat praparty exhauting theflux fumesaway from threwarke'shresthing
zoe

VIII. RECOMMENDATIONS

1 Thefdxicaion oparaior should wear apratedive gove during the coeting and developing of the copper boards
with KPR and KPR devd aper to prevent demnd expoare

2. A paedivegoveand goggesshoud bewomwhenweaghing-out thesodium paraifaeto prevent
UNNEcESsy expodre

3. Apaetivegoveshoud bewomwheneve removing pandsfromthebench top eidhe.
4. A paetivegovesoud bewomwheneve mixing and pouing thegoaxy resns

5. Ifthecoetingand devdoping processisnat phesad out asplanned, ar monitaring should be conduded if the
ooeting and devel oping processisretumed indoars

6.  Itisrecommendad thet locd exneud ventilaion with amovatle dudt be usad duning the pat sl daring gperation to
adlet fluxding fumes
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TABLEI
SUMMARY OF ENVIRONMENTAL AIR
SAMPLESCOLLECTED FORSOLVENTS
DURING COATING AND DEVELOPING

BEMCO High Vatage Compay
Suter Gresk, Cdifamia
AugLgt 18,1986
Sarde  Type Expoaure Vdure Solvent Conoaniration (jppn )
Nurbe Sogde  Desyipionl ocdion Paiod (Liters) Xviee Chadavae

1 P Devdoping process 0947-1618 92 35 024

3 A3 Onthecabinegt counter 047-1123 101 75 15

5 A Onthecabinegt counter 1124-1450 215 49 ND*

7 A Onthecabinegt counter 1451-1618 89 46 12
Limit of Detedion par sarde(mg) 0.01 001
Limit of Quentitetion per sarpe (mg) 001 001
1 pomPatsaf avapar or gesper million patsof contamingied ar by vdume:

2 P-Rarsod ar sanples
3 A-Areadr samples

4, ND-None Detected.
5.

mg-Milligarsaof asstance
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TABLEII
SUMMARY OF ENVIRONMENTAL
AIRSAMPLESCOLLECTED DURING
THE EPOXY POTTING OPERATION
BEMCO High Vatage Compay
Suter Gresk, Cdifamia
AugLgt 19, 1986
Sge Type Bxpoare Vdumre
Number Sarde Degiptionlocation Paiod (Litars)
11 P Ratting room, mixing 13231534 28
and pouring epoxy
12 A3 Rating room, mixing 13231534 171
and pouring epoxy
13 A Asamiy ling jugt 13231534 108
ousdepatting room
14 A Assamiy ling jud 13231534 149
ouiSde patting room
Limit of Detedtion par ssmple(mg)
Limit of Quertitetion per ssple(ng)
1 pomPatsaf avapar or gesper million patsof contamingied ar by vdume:
2 P-Rarsod ar sanples
3 A-Areadr samples
4, ND-None Detected.
5.

mg-Milligarsaof asstance

Buyl Glyddy
Ether (pp)

067

0.9

ND*

ND

001
001



